Summary
Introduction
There has been considerable recent interest in the potential role of angiotensin as a neurotransmitter. Although the presence of several components of the renin-angiotensin system in central nervous tissue has been inferred (Ganten, Fuxe, Phillips, Mann & Ganten, 1978) , the existence of brain renin remains a subject of considerable debate. Day & Reid (1976) suggested that brain renin activity was due to cathepsin D, and Hackenthal, Hackenthal & Hilgenfeldt (1978) (1 978), utilizing @casein-Sepharose chromatography, separated cathepsin from a renin-like enzyme which was completely inhibited by anti-renin antibody.
To further examine the question of the presence of renin in the central nervous system, brain homogenates were fractionated by three different affinity chromatographic procedures: (a) immunoaffinity, employing renin specific antibody coupled to Sepharose; (b) pepstatin coupled to Sepharose, with lithium bromide gradient elution previously demonstrated to separate renin from other acid proteases (Dzau, Slater & Haber, 1979) ; (c) a-casein coupled to Sepharose, previously reported to bind acid protease but not renin (Hirose et al., 1978) .
Methods
Adult Sprague-Dawley rats of either sex were bilaterally nephrectomized 48 h before killing. The brains were exhaustively perfused with approximately 150 ml of sodium chloride solution (154 mmol/l) by direct puncture of the left ventricle and drainage via the right atrium. A portion (18 g) of whole brain was homogenized in 100 ml of potassium phosphate solution (0.01 mol/l in sodium chloride 0.1 mol/l, pH 6.5) by a Virtis-60 homogenizer, centrifuged at 12 000 g, 40 min at 4°C and the supernatant dialysed against an appropriate buffer.
Pepstatin was coupled to aminohexylSepharose by the method of Murakami & Inagami (1975) . After equilibration with sodium acetate (5 mmol/l, pH 5 . 5 ) 30 ml of the crude brain extract was applied to a 1 cm x 3 cm pepstatin-Sepharose column. After extensive washing (150 ml) with sodium acetate (20 mmol/l) in sodium chloride, (1 mol/l, pH 5 . 0 ) elution was effected by a linear concentration gradient of lithium bromide from 0 to 1 mol/l in Tris-chloride (0.1 mol/l, pH 7.5).
Renin-specific immunoglobulin was coupled to Sepharose 4B
by the cyanogen bromide activation method of Cuatrecasas (1970) . Extract (30 ml) was applied to the immunoaffinity column (1 cm x 3 cm) and equilibrated with potassium phosphate (0.0 1 mol/l)/sodium chloride (0.15 mol/l, pH 7.4). Elution was performed with acetic acid (1 mol/l, pH 3 .O). The eluate was immediately titrated with Tris (0.5 mol/l) to p H 5.0 and dialysed against Tris-C1 (0.1 mol/l, pH 7.5).
a-Casein was bound to Sepharose 4B by cyanogen bromide activation. Extract ( I 5 ml) was subjected to affinity chromatography on a 1 cm x 6 cm column and eluted with Tris-acetate (0.1 mol/l, pH 8.6) containing NaCl (1 mol/l) by the protocol of Hirose e t a / . (1978) .
Angiotensin I ( A N G I)-generating activity was determined by the modified radio-immunoassay of Haber, Koerner, Page, Kliman & Purnode (1969), nephrectomized rat plasma or purified angiotensinogen being used as substrate at pH 6.0 or p H 7-4 in the presence of 8-hydroxyquinolone, dimercaptopropanol and EDTA. For pH optimum studies, selective fractions were assayed from p H 3 to 10 with sodium phthalate, acetate, phosphate and carbonate as buffers (0.1 mol/l). Similarly, selected fractions were incubated with renin-specific antiserum and preimmune serum at 37°C for 1 h before assay for A N G I generation.
Non-renin proteolytic activity was measured by cleavage of denatured I4C-labelled haemoglobin at p H 3.0 and pH 7.0 by the method of Williams & Lin (1971) .
The renin antisera used were GLN816 and R1700 (6/8) raised against pure canine renal renin. These antisera were specific for renin (Dzau, Kopelman, Barger & Haber, 1980) and fully neutralized 25 Goldblatt-m unit of rat renal renin at 1 : 5000 dilution.
Results
Unfractionated rat brain extract, incubated with substrate at pH 6.0, yielded more than 12 times the quantity of A N G I as incubations at pH 7-4 (2.3 vs 0.18 ng of A N G I h-' mg-' of protein). Renin-specific antibody had no measurable effect on the A N G I-generating activity of the extract at pH 6.0 but neutralized approximately 50% of the activity at p H 7.4. Unfractionated rat brain extracts showed two pH optima for A N G I generation, at pH 4.0 and 6.0.
The results of the thiee affinity chromatographic procedures are summarized in Table 1 . The eluate of the immunoaffinity column exhibited A N G I-generating activity with a p H optimum of 6.0. Anti-renin antibody diluted 1 : 100 completely inhibited this activity. Furthermore, no protease activity as measured by the ['4Clhaemoglobin assay was detected in this fraction at either pH 3 or 7. Elution of the pepstatin-Sepharose column with a linear concentration gradient of lithium bromide yielded an early (0.25 mol/l) and late (0.5 mol/l) peak of A N G I-generating activity. The renin activity of the first peak could be measured at p H 7.4; the pH optimum was 6.5, activity was completely inhibited by renin-specific antibody and there was no measurable protease activity. Renin activity in the late peak was only detectable when assayed at or below pH 6-0; the pH of the column was 4.0 and renin-specific antibody had no effect on the A N G I-generating activity. There was significant acid protease activity in this fraction. The non-bound fraction of the a-casein-Sepharose contained A N G I-generating activity detectable at pH 7.4 with a p H optimum of 6.5. This was largely neutralised by renin-specific antibody. The eluate of the a casein-Sepharose column and the non-bound fractions of the immunoaffinity column contained ANG I-generating activity only detectable when assayed at or below pH 6.0.
The pH optimum of these fractions was 4.0. No significant inhibition of activity was observed with either fraction when incubated with renin antibody. Both fractions demonstrated protease activity at pH 3.0. Neutral protease activity was also detected in the unbound fractions of the a casein-Sepharose column. Similar results were obtained when the substrate source in the assay was either purified angiotensinogen or plasma from a nephrectomized animal.
Discussion
These results suggest that rat brain extracts contain more than one enzyme capable of generating ANG I from renin substrate. The absence of inhibition of ANG I generation by renin specific antibody at pH 6.0 and the presence of protease activity at either neutral or acidic conditions implicate several types of non-renin proteases. However, an enzyme that reacts with antibody to renal renin also appears to be present. Although most of the ANG I-generating activity is not inhibitable by renin antibody, affinity chromatography readily allows for separation of an inhibitable fraction. This activity resembles that of renal renin in that: (1) the activity can be measured at pH 7.4; (2) the pH optimum is pH 6.0; (3) the activity is completely inhibited by renin-specific antibody; (4) there is no proteolytic activity on [ 14Clhaemoglobin at either acid or neutral pH.
Thus an enzyme in brain can be identified that is immunochemically cross-reactive with renal renin. Its biosynthetic origin is uncertain, however. Even though the rats were nephrectomized, their brains exhaustively perfused and renin activity in plasma was undetectable, storage of renal renin in the brain cannot be excluded.
